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Abstract 

Fracture patterns In the Devonian shale exposed along the Pine 

Mountain Thrust show much greater complexity than the overlying units. 

However, the trends of fractures in t:le upper part of the Devonian shale 

are nearly those of the overlying units. The amount and complexity of 

fracturing reflects the degree of, and distance from, the basal detach- 

ment fault plain. 

Two zones of movement were found within the shales. The major 

fault occurs at the base: of the shale, and the shales adjacent to the 

thrust plain show t~hc> most doformation. However, a zone of lesser 

movemerlt occurred in the upper part. of the shale. The two zones of 

deformation may match the reported productive zones found in the Big 

Sandy shale gas field to the west. 

Joints in the Grainger shales and Berea sandstone have trends 

similar to that of the upper part of the underl'ying shale, but they 

are less variable. 

Jointing in the overlying Newman limestone along Pine Mountain 

is similar but sligkltly rotated from the underlying Grainger shales. 

The joint trends consist of a dominant set parallel to the Pine Moun- 

tain Fault; and a less dominant set, perpendicular to the thrust front. 

Eventually the results of this study will be combined with those 

of cored wells and other surface studies to present an integrated 

regional analysis of Devorlian shale farctures. 
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Purpose 

Natural gas in the Big Sandy field of eastern Kentucky produces 

from fractures WJ thin the Devonian shale. There are only two areas 

where one can study these shale fractures at the surface near this 

field. The Devonian shales crop out in central Kentucky along the 

Cincinnati Arch, and in eastern Kentucky, they crop out just above 

the Pine Mountain Thrust. A separate study will report on fractures 

in the shales along the eastern flank of the Arch (Long, in progress). 

This study ;-eports on the nature and origin of fractures in the Devon- 

ian shale that crop out alorlg the Pine Mountain Thrust. 

We hope that thru the documentation of fracture patterns in 

adjacent outcrops, meaninqful comparisons can eventually be made 

with the production of natural gas from the Big Sandy gas field. 
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Local~ion and Geologic Setting 

Pine Mountain is a linear feature about 125 milts long extending 

from just northeast of Elkhol~n City, Kentucky, -where it abuts against 

the Russel Fork fault, southwestward to near Jacksboro, Tennessee, 

where it abuts against the Jacksboro fault (see Figure 1). It was 

interpreted by Rich, 193L, and many others since as the surface ex- 

pression of a major ramp of a detachment thrust in the Devonian shale, 

across more competent units, either to extend the surface or to an 

incompetent horizon in the: Pennsylvanian elastics. The upper part of the ramp 

has since been eroded. 'The movc:mcJnt. of the upper plate along the 

ramp has brought scadimcnts of I&vonian and Mississippian age to the 

surface. Presumably the stress that created tile thrust also extended 

into the foreland in the area of the Big Sandy shale gas field. How- 

ever, major movement was diverted by the ramp of the thrust at Pine 

Mountain so that extensive transpost did not occur under the Big 

Sandy shale gas field. However, if the stress and some minor move- 

ment did extend into the shales under the Big Sandy field, as suggested 

by Shumaker (1978), then lhc documentation of joints on the Pine 

Mountain, may lead tc) insights concerning the fracture patterns and 

production in the Big Sandy shale gas field. For a more complete 

analysis and discussion of. the geology of the area, readers are re- 

ferred expecially to ffarris (1970) and i-Iar;-is and Milici (1977). 
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Method of Investigation 

Field work was undertaken during July and August, 1978, to study 

fractures in the Dcvonlan shales exposed along the base of Pine Moun- 

tain. Usually the shales are poorly exposed except in a few areas. 

The most complete exposures of the shale are along roads which cross 

the mountain or along quarry access roads to limestone which overlies 

the Devonian shale. Six exposures were found that were adequate to 

provide sufficient data for analyses of joints and outcrop-scale 

structures (Figures 4). 

Except for t.hc shale outcrop KL6 in the Bledsoe Quad, all expo- 

sures were moderatc,Jy to intensely weathered. 

Only joint sets that were consistant and repetitious throughout 

the outcrop were measured. Those jqints judged to be random or unrepre- 

sentative of the dominant direct ions in the outcrop were noted, but 

not measured. 
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Conclusions 

1) Jointing in the Newman Limestone consists of a dominate strike set 

parallel to the Pine Mount.sin thrust, and a dip set perpendicular 

to the thrust front. 

2) Jointing in the underlying Grainger shales and Berea sandstone are 

similar to jointing in the limestone, but can show slight rotation 

of joint strike, arid grctiter variability in the strike of joint 

directions, especially in the second, or dip set. 

3) A Narrow zone of deformation mdy be present near the top of the 

Devonian sha1c.s. 'I‘hls zorlc mdy reflect flexurial flow as the stiffer 

units above glided over the weaker shales during formation of the main 

Pine Mountai rl thrust, f-onrld at the base of the shale. 

4) The number of joint sets throughout an outcrop increase with depth, 

or, the closer to the fault zone, the greater the trend and number 

of joint sets. Shumaker (1976) noted anamolous dip readings in the 

dip meters of the No. 1 Combs well in the Big Sandy field (perhaps 

reflecting mineralized fracturesr-in organic zones near the base of 

the shale and nc'ar thr top of the shale. The two zones also contain 

slickensides indicative of movement (Shumaker, 1976). In addition 

Ray (1967) reports two main zones of production from these same Organic 

layers. (See Figure 14) It seems possible that the two deformed zones 

at Pine Mountain correlate with those discussed by Shumaker (1978) and 

Ray (1967). 

5) The strikes of joint sets at the top of the Devonian shales do not 

match the strikes of joint sets at the bottom of the Devonian shales. 

Somewhere between the top and bottom of the Devonian shales is a zone, 

sometimes narrow, where the joints change strike. This is graphically 

illustrated on KL? between elev. 80 and 160, and was seen on one outcrop 
-- 
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on KL5. 

6) The most deformed zones occur in the lower part of the Devonian shales 

near to the disappearance of the shales along strike of the Pine Moun- 

i 

tain thrust, and conversely as the shale thickens above the thrust 

there is a greater section of undeformed shale. 

7) Thrust faults in the Devonian shale, as seen in outcrop, are not paral- 

lel to the main Pine Mountain fault. Thrust faults in the shale that 

are parallel to the main thrust may be obscured on bedding planes. A 

clay rich zone at the bottom of KL5 may be one such fault. 

8) Random fractures, or non-systematic fractures throughout entire out- 

crops , were r1cJtc.d irj some exposures at every column studied. These 

could be related to blasting, weathering, or tectonic deformation. 

, 9) Each column usually has joint sets sub-parallel and sub-perpendicular 

I: 

to the Pine Mountain thrust. 

10) Where thrust faults are detectable in outcrop, the strikes consistantly 

correspond to strikes of a joint pattern. However, the dips of the 

thrust faults do not consistantly correspond to dips of a joint pattern. 
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